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1
HYBRID DIRECTION IDENTIFYING
APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Korean
Patent Application No. 10-2012-0015227, filed on Feb. 15,
2012, and Korean Patent Application No. 10-2012-0127955,
filed on Nov. 13, 2012, in the Korean Intellectual Property
Office, the disclosures of which are incorporated herein by
reference.

BACKGROUND

1. Field of the Invention

The present invention relates to a hybrid direction identi-
fying apparatus and method that rapidly and accurately
detects a direction of a radio signal source based on a direc-
tion detecting scheme by comparing an amplitude or a signal
strength, a virtual Doppler scheme, a radio phase interferom-
etry scheme, that is, a phase difference comparison scheme,
and the like.

2. Description of the Related Art

A radio direction identifying method may use an angle of
arrival (AoA) scheme, and the AoA scheme may include an
amplitude or signal strength comparison scheme, a Doppler
scheme, a phase comparison scheme, and the like. An accu-
racy of the amplitude or signal strength comparison scheme
may be enhanced as a size of an antenna increases, in particu-
lar, when a 3 decibel (dB) beam width deteriorates, since a
direction is set to be a point at which a signal strength is at
maximum in a state in which a directional antenna is rotated
or fixed. In the Doppler scheme, a higher precision may be
achieved with an increase of a rotation per minute (RPM) and
a rotation radius, since a circular arrayed omni-directional
antenna is required to be rotated electrically to make a virtual
Doppler. The phase comparison scheme may identify a direc-
tion of a signal by measuring a phase difference of the signal
arriving to at least two fixed omni-directional antennas as
shown in FIG. 1 and Equation 1.

[Equation 1]

2nd .
Ap=- — sin(e)

In Equation 1, A¢ denotes a phase difference, o denotes an
AoA, and d denotes a distance between two antennas.

The amplitude or signal strength comparison scheme of the
AoA scheme may have a limit in terms of a size of an antenna
since a highly directional antenna is required for a high degree
of'precision. The virtual Doppler scheme may be complicated
and costly since thousands to tens of thousands of RPM
electrical rotations would be required. A phase difference
comparison scheme of two fixed antennas may require at least
five circular array antennas to detect all directions in a range
of'0 degrees to 360 degrees, and achieve a higher precision as
a number of array antennas increases. Accordingly, as the
number of array antennas increases, a number of radio fre-
quency (RF) elements may become greater and signal pro-
cessing may become increasingly complicated.

Achieving a certain degree of precision using the ampli-
tude or signal strength comparison scheme, the Doppler
scheme, and the phase difference comparison scheme of two
fixed antennas may face restrictions due to a high cost and an
implementation of the schemes. The amplitude or signal
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strength comparison scheme of the Ao A scheme may require
an antenna having a relatively great aperture, and the phase
difference comparison scheme of two fixed antennas in which
a virtual Doppler and at least five array antennas are present
may be complicated and require a high cost. The virtual
Doppler scheme and multiple array antennas scheme, that is,
at least five, may be complicated and require a high cost since
at least five antennas are required to be arrayed and configu-
ration of a great number of components is required to obtain
a precision of one to three degrees.

The amplitude or signal strength comparison scheme may
enable an Ao A with a low precision, although fast, without an
ambiguity. In the phase difference comparison scheme of two
fixed antennas, when a distance d is A/2 in Equation 1, an
ambiguity may be 180 degrees, and ¢ being an AoA may have
an error as shown in Equation 2 and FIG. 2 due to a mutual
coupling between antennas.

AAo
B 2rdcos(g)

Ag ~ [Equation 2]

In Equation 2, Ao denotes a phase measurement error, and
¢ denotes an AoA. Accordingly, an error Ao of an AoA may
increase as an incident angle ¢, the AoA, of a radio wave
increases when an array antenna is fixed. However, when the
incident angle ¢ is zero, that is, vertical to an array antenna
axis, the error Ao may be at a minimum. The phase difference
comparison scheme of two fixed antennas may use a principle
in which an error becomes the minimum when a signal enters
two antennas simultaneously. More particularly, the phase
difference comparison scheme of two fixed antennas may
identify a direction at which a phase difference is zero by
rotating an antenna.

SUMMARY

An aspect of the present invention provides a hybrid direc-
tion identifying apparatus and method that identifies an
approximate direction rapidly while removing an ambiguity
based on an amplitude or signal strength scheme, and pre-
cisely identifies a direction based on a phase difference
scheme using only two antennas.

According to an aspect of the present invention, there is
provided a hybrid direction identifying apparatus, the appa-
ratus including a rotating unit mounted with one log period
(LP) antenna, and an two dipole array antennas, and a signal
processing unit to identify a direction by searching for a point
at which a direction angle between the dipole array antennas
is “0”, in a direction in which a signal strength of the LP
antenna is relatively great while the rotating unit is being
rotated.

According to an aspect of the present invention, there is
provided a hybrid direction identifying method, the method
including mounting, by a rotating unit, one LP antenna, and
two dipole array antennas, and identifying, by a signal pro-
cessing unit, a point at which a direction angle between the
two dipole array antennas is “0”, in a direction in which a
signal strength of the LP antenna is relatively great while the
rotating unit is being rotated.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects, features, and advantages of the
invention will become apparent and more readily appreciated
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from the following description of exemplary embodiments,
taken in conjunction with the accompanying drawings of
which:

FIG. 1 is a diagram illustrating an example of radio phase
interferometry according to an embodiment of the present
invention;

FIG. 2 is a graph illustrating an error due to a mutual
coupling of dipole array antennas according to an embodi-
ment of the present invention;

FIG. 3 is an example diagram illustrating a characteristic of
radiation pattern of a log period (LP) antenna according to an
embodiment of the present invention;

FIG. 4 is a graph illustrating a relationship between a phase
difference and an angle of arrival (AoA) when d is A/2,
according to an embodiment of the present invention;

FIG. 5 is a block diagram illustrating a configuration of a
hybrid direction identifying apparatus according to an
embodiment of the present invention;

FIG. 6 is an example diagram illustrating a dipole array
antenna angle and an AoA according to an embodiment of the
present invention;

FIG. 7 is an example diagram illustrating a calculation of a
location of a radio signal source according to an embodiment
of the present invention; and

FIG. 8 is a flowchart illustrating a hybrid direction identi-
fying method according to an embodiment of the present
invention.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. Exem-
plary embodiments are described below to explain the present
invention by referring to the figures.

The embodiments of the present invention may identify an
approximate direction rapidly based on an amplitude or sig-
nal strength comparison scheme and may identify a precise
direction in which a phase difference is zero based on a phase
comparison scheme, by mounting two types of antennas, that
is, a directional antenna and a phase comparison antenna, on
a single rotation axis and setting the rotation axis to move
within a set range from “0” degrees to “360” degrees manu-
ally, or rotating the rotation axis with a rotator.

As an example, the embodiments of the present invention
may use a log period (LP) antenna as a directional antenna to
apply the amplitude or signal strength comparison scheme,
and may use two dipole array antennas to apply the phase
comparison scheme.

An LP antenna pattern may be characterized by a 3 decibel
(dB) beam width in a range of 30 to 40 degrees as shown in
FIG. 3. When a dipole antenna array is fixed, in case of a
distance d being /2 in Equation 1, a relation between a phase
difference and an angle of arrival (AoA) may be as shown in
FIG. 4.

However, in an instance of two antennas being rotated,
when a direction from which a radio wave arrives is vertical to
a dipole array axis, a phase difference arriving at the two
antennas may be zero. Based on the phase difference “0” and
the aforementioned Equation 1, an AoA direction angle may
be zero degrees based on an array antenna, and may be 100
degrees based on a northern direction.

FIG. 5 is a block diagram illustrating a configuration of a
hybrid direction identifying apparatus according to an
embodiment of the present invention.
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Referring to FIG. 5, the hybrid direction identifying appa-
ratus may mount an LP antenna 120 and two dipole array
antennas 110 on an axis 131 of an antenna rotating unit 130.
The LP antenna 120 may be mounted to be vertical to the
dipole array antennas 110.

A phase controller 150 may control a signal path from a
wireless output of the two dipole array antennas 110 to a
digital input of a signal processing unit 180 to a predeter-
mined level. Since the signal path from an output of two
dipole antennas, for example, an input of a low noise ampli-
fier (LNA) to RF/IF Converter and an analog to digital con-
verter (ADC) input is required to be consistent, a distance of
the signal path may be controlled to be consistent using the
phase controller 150 of FIG. 5.

A central processing and control unit 190 may rotate an
antenna using the antenna rotating unit 130 by controlling an
antenna rotation control unit 140. A signal received by the LP
antenna 120 may be amplified through an LNA, converted to
an IF frequency in an RF/IF converting unit, and analog-
digital conversion (ADC) signal processed in the signal pro-
cessing unit 180. Subsequently, a displaying unit 160 may
display an approximate direction with respect to the signal
ADC signal processed as an LP antenna angle and an AoA as
shown in FIG. 6.

Simultaneously, a signal received by the dipole array
antennas 110 may be amplified through the LNA, converted
to an IF in the RF/IF converting unit 170, and ADC signal
processed in the signal processing unit 180. Subsequently, the
displaying unit 160 may display an approximate direction
with respect to the signal that is ADC signal processed as a
phase difference arriving at the two dipole array antennas and
a dipole array direction based on a fact that a boresight of the
directional antenna and the phase comparison antenna is zero
degree.

The signal processing unit 180 may identify a point at
which a direction angle of the dipole array antennas 110 is
zero by controlling a rotation adjacent to a direction identified
by the LP antenna 120 based on the principle of Equation 1
and FIG. 4. In this instance, a direction in which the two
antennas are pointed based on a direction of true north may be
an AoA direction or bearing of a signal source.

When a direction identifying apparatus is situated on at
least two positions as shown in FIG. 7, a location of a radio
signal source may be readily identified. An angle 61 and an
angle 02 may be obtained in a direction detecting apparatus 1
and a direction detecting apparatus 2, respectively, and R1
may be a predetermined distance between the direction
detecting apparatus 1 and the direction detecting apparatus 2.
When a surface is assumed to be flat, distances R2 and R3
may be readily obtained by a trigonometric formula, for
example, the sine law.

FIG. 8 is a flowchart illustrating a hybrid direction identi-
fying method according to an embodiment of the present
invention.

Referring to FIG. 8, operation in which a hybrid direction
identifying apparatus identifies a direction of a wireless sig-
nal will be described. The hybrid direction identifying appa-
ratus may include a rotating unit and a signal processing unit.
The signal processing unit may include an LNA, an RF/IF
converting unit, a displaying unit, and a phase controller.

In operation 810, the rotating unit may mount an LP
antenna and two dipole array antennas on a rotation axis set to
be vertical.

In operation 820, the phase controller may control a signal
path from a wireless output of the two dipole array antennas
to a digital input of the signal processing unit to a predeter-
mined level.
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In operation 830, a plurality of direction identifying appa-
ratuses may be installed at predetermined intervals apart from
a radio signal source.

The signal processing unit may identify a point at which a
direction angle of the dipole array antennas is zero for a
direction in which a signal strength of the LP antenna is
relatively great while the rotation axis is being rotated by
controlling the rotating unit.

The signal processing unit may include the LNA to amplify
a wireless signal, the RF/IF converting unit to convert the
amplified wireless signal to an IF signal, and the displaying
unit to display an angle and a direction by performing digital
signal processing using the IF signal.

The LNA may amplify a signal received by the LP antenna,
and the RF/IF converting unit may convert the amplified
signal to the IF.

In operation 840, the displaying unit may perform sam-
pling of the IF by the signal processing unit, and may perform
digital signal processing of the sampled signal to display an
LP antenna angle and an AoA.

The LNA may amplify a signal received by the dipole array
antennas, and the RF/IF converting unit may convert the
amplified signal to the IF.

In operation 850, the displaying unit may use the LP
antenna angle and the AoA for reference, and perform digital
signal processing using an IF obtained by detail controlling
the dipole array antennas to display a phase difference and a
direction of the dipole array antennas.

In operation 860, a calculating unit may calculate an angle
with a radio signal source by using the phase difference and
the direction of the dipole array antennas for reference, and
calculate a distance from the radio signal source by applying
a separation distance and an angle between a plurality of
direction identifying apparatuses to a trigonometric formula.

According to embodiments of the present invention, it is
possible to identify an approximate direction rapidly while
removing an ambiguity based on an amplitude or signal
strength scheme, and identify a direction relatively precisely
based on a phase difference scheme using only two antennas.

According to embodiments of the present invention, it is
possible to identify a relative direction from which of a rela-
tive radio wave arrives when an arrival direction of a radio
wave is vertical to a single rotating axis, by mounting a
directional antenna and a phase comparison antenna on the
single rotating axis, and rotating the two antennas.

The above-described exemplary embodiments of the
present invention may be recorded in computer-readable
media including program instructions to implement various
operations embodied by a computer. The media may also
include, alone or in combination with the program instruc-
tions, data files, data structures, and the like. Examples of
computer-readable media include magnetic media such as
hard disks, floppy disks, and magnetic tape; optical media
such as CD ROM discs and DVDs; magneto-optical media
such as floptical discs; and hardware devices that are specially
configured to store and perform program instructions, such as
read-only memory (ROM), random access memory (RAM),
flash memory, and the like. Examples of program instructions
include both machine code, such as produced by a compiler,
and files containing higher level code that may be executed by
the computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described exemplary embodiments of the present invention,
or vice versa.

Although a few exemplary embodiments of the present
invention have been shown and described, the present inven-
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tion is not limited to the described exemplary embodiments.
Instead, it would be appreciated by those skilled in the art that
changes may be made to these exemplary embodiments with-
out departing from the principles and spirit of the invention,
the scope of which is defined by the claims and their equiva-
lents.

What is claimed is:

1. A hybrid direction identifying apparatus, the apparatus
comprising:

a rotating unit mounted with one log period (L.P) antennas,

and two dipole array antennas; and

a signal processing unit to identify a direction by searching
for a point at which a direction angle between the dipole
array antennas is “0”, and in a direction in which a signal
strength of the LP antenna is stronger than at any other
point of rotation while the rotating unit is being rotated.

2. The apparatus of claim 1, wherein the signal processing
unit comprises:

alow noise amplifier (LNA) to amplify a signal received by
the LP antenna and the dipole array antenna;

aradio frequency/intermediate frequency (RF/IF) convert-
ing unit to convert the amplified signal to an IF; and

a displaying unit to display antenna information by per-
forming signal processing using the IF.

3. The apparatus of claim 2, wherein the displaying unit
displays an antenna angle of the LP antenna and an angle of
arrival (AoA) as the antenna information when the LNA
amplifies the signal received by the LP antenna.

4. The apparatus of claim 2, wherein the displaying unit
displays a phase difference of the dipole array antenna and an
antenna direction of the dipole array antenna as the antenna
information when the LNA amplifies the signal received by
the dipole array antenna.

5. The apparatus of claim 1, further comprising:

aphase controller to control a signal path transmitted from
a wireless output of the dipole array antenna to a digital
input of the signal processing unit, to a predetermined
level, that is for calibration of two paths.

6. The apparatus of claim 1, further comprising:

a calculating unit to calculate a separation distance from a
relative direction identifying apparatus and an angle
relative to a radio signal source, and apply the calculated
separation distance and the calculated angle to a trigo-
nometric formula to calculate a distance from the radio
signal source.

7. A hybrid direction identifying method, the method com-

prising:

mounting, by a rotating unit, an one period (LP) antenna,
and an two dipole array antennas; and

identifying, by a signal processing unit, a direction by
searching for a point at which a direction angle between
the dipole array antennas is “0”, and in a direction in
which a signal strength of the LP antenna is stronger
while the rotating unit is being rotated than the signal
strength of the LP antenna at any other point of rotation.

8. The method of claim 7, wherein the searching com-
prises:

amplifying, by a low noise amplifier (LNA), a signal
received by the LP antenna;

converting, by a radio frequency/intermediate frequency
(RF/IF) converting unit, the amplified signal to an IF
frequency; and

displaying, by a displaying unit, an antenna angle of the LP
antenna and an angle of arrival (AoA) by performing
signal processing using the IF frequency.

9. The method of claim 7, wherein the searching com-

prises:



US 9,304,182 B2

7

amplifying, by an LNA, a signal received by the dipole
array antenna,

converting, by an RF/IF converting unit, the amplified sig-
nal to an IF frequency; and

displaying, by a displaying unit, a phase difference of the 5
dipole array antenna and an antenna direction of the
dipole array antenna by signal processing the IF fre-
quency.

10. The method of claim 7, further comprising:

controlling to a predetermined level, by a phase controller, 10
a signal path transmitted from a wireless output of the
dipole array antenna to a digital input of the signal pro-
cessing unit.

11. The method of claim 7, further comprising:

calculating, by a direction identifying apparatus, a separa- 15
tion distance from a relative direction identifying appa-
ratus;

calculating, by the direction identifying apparatus, an
angle relative to a radio signal source; and

calculating, by the direction identifying apparatus, a dis- 20
tance from the radio signal source by applying the cal-
culated separation distance and the calculated angle to a
trigonometric formula.
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